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ABOUT THE BOOK
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and classical approaches to designed experiments. Included are over 200 pages of actual
industrial case studies plus software.
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Preface

The time is quickly approaching when you will not be considered a competent
engineer or technical manager without a working knowledge of Experimental Design. The
demands of increased efficiency of processes, lower product cost, and shortened
development cycles will dictate that we use simple, but powerful tools to get the most out
of our experiments. No longer do we have the luxury of running one-factor-at-a-time
experiments or experiments with excessive sample sizes. In competitive environments, only
those groups which apply experimental design approaches efficiently and effectively will
survive.

Once engineers decide to start using orthogonal or nearly orthogonal designs, they
are quickly faced with a plethora of competing design and analysis strategies. Full factorial,
Plackett-Burman, Taguchi, and CCD are just some of the competing design types. What is
the strength and weakness of each? What is the niche that each strategy best fills? How
about analysis approaches? Should the engineer use "Pick the Winner", plots of marginal
means, ANOVA, Normal Probability Plots, or Regression Analysis? In which situations do
the competing analysis strategies best fit? Should the objective of the experiment influence
the design type and analysis approach to be used? Is the objective of my experiment
Screening, Modeling, or "Robust" Design? Is the Brainstorming session critical? Who
should be involved?

Industry needs a handbook which answers the above questions! The following
chapters offer what we believe are appropriate answers to the questions raised. Our
approach is not to compulsively follow one specific philosophy of experimentation. Rather,
the authors attempt to select the best from competing strategies, combining seemingly

dichotomous techniques so as to produce a synergism which leads to an improved approach.
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Foundations 1-1

Chapter 1

Foundations

1.1 Intended Audiences for this Text

This text was written for managers and engineers. It is intended to bridge the gap
produced by texts that are too mathematical and those that attain simplicity by omitting
important concepts. Mathematical and statistical theory are not emphasized; rather, the
presentation is intended to provide conceptual understanding of designed experiments and
related topics in statistical quality control. For years statisticians have provided us with
textbooks written for understanding statistical theory, written primarily for those well versed
in statistical jargon and mathematics. We recommend those texts for anyone seeking more
depth into these subjects.

The presentation of material in this text is arranged to include a foundation for
understanding experimental design (Chapter 1), an introduction to design and analysis
(Chapter 2), a discussion of design types (Chapter 3), a review of basic statistical concepts
and techniques (Chapter 4), an analysis of experimental data, variance reduction, and robust
designs (Chapter 5), a presentation of Taguchi philosophy and analysis techniques (Chapter
6), an introduction to optimization and response surface methods (Chapter 7), and numerous

case studies from industry (Chapter 8).

1.2 Quality and the Role of Statistical Techniques
The American Society for Quality Control has defined quality as "the totality of
features and characteristics of a product or service that bear on its ability to satisfy stated

or implied needs." A simple interpretation of this definition is that quality is a measure of
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how well the user’s needs are met. The user’s interpretation of quality focuses on whether
the product functions as advertised with no variation in performance. There are several
aspects of quality: the quality of the product design, the quality of the process design, the
quality of incoming parts, and the quality of the manufactured product. In the design phase
of the product or process, it is important to test which factors affect the quality of the design
and determine the settings of these factors that optimize the desired output. In this phase,
experimental designs and response surface techniques are used to develop a process which
will produce a quality product. The quality of incoming parts and the quality of the
manufacturing process are typically achieved through the use of statistical process control
techniques; however, on-line experimental designs have also produced excellent results in
these areas.

This text will focus on quality improvements through the applications of experimental
design and present both sides to the controversy between Taguchi methods and classical
techniques. The authors are not committed to either side, but advocate an approach which
finds the "best" method for the practitioner to solve the problem at hand. Included are new
ideas on how to combine certain aspects of both approaches in order to produce a synergism
leading to improved methods of experimental design. Emphasis is on quality improvements
and not on selling one approach or another. Also included are some important

contributions from Shainin [11].

1.3 What is Experimental Design

Experimental design consists of purposeful changes of the inputs (factors) to a
process in order to observe the corresponding changes in the outputs (responses). The
process is defined as some combination of machines, materials, methods, people, environment,
and measurement which when used together perform a service, produce a product, or
complete a task. Thus, experimental design is a scientific approach which allows the
researcher to better understand a process and to determine how the inputs affect the
Tesponse.

Graphically, a process would appear as shown in Figure 1.1. Some examples of

processes are shown in Figures 1.2 through 1.7. Obviously, there exist many different kinds
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of processes; the ones provided are from various applications of designed experiments.

INPUTS OUTPUTS
(Factors) (Responses)
People
> responses related to
Material Process: performing a service
Equipment
. responses related to
Policies A Blending of Inputs producing a product
1= >
Procedures Which Generates
. responses related to
Methods Corresponding Outputs completing a task
> >
Environment
Figure 1.1 Illustration of a Process
INPUTS OUTPUTS
(Factors) (Responses)
Type of Raw Material
Mold Temperature Process:
- > thickness of
Holding Pressure molded part
Holding Time Manufacturing -
. P o % shrinkage from
Gate Size Injection mold size
Screw Speed Molded Parts -
: number of
Percent Regrind N defective parts R

Moisture Content

Figure 1.2 Manufacturing Injection Molded Parts
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INPUTS
(Factors)

Fuselage Length

Wing Span

Wing Cord

Wing Taper

Wing Sweep

Dihedral «

Height of
Vertical Stabilizer

Span of
Horizontal Stabilizer

OUTPUTS
(Responses)

static margin

Process:

coefficient of lift

Designing
Aircraft

Dimensions

INPUTS
(Factors)

Stress Temperature

Figure 1.3 Aircraft Design

Thermo Cycle

Humidity

>

Vibration Level

Process:

Developing an
Environmental

Stress Screening

Time

P

b

Procedure

coefficient of drag
pitch moment

—>

yaw moment =

roll moment N
OUTPUTS
(Responses)
number of

defects detected R

Figure 1.4 Developing an Environmental Stress Screen



